Plasticity of the hippocampus: adaptation to chronic stress and allostatic load.
The hippocampus is an important structure for declarative, spatial, and contextual memory and is implicated in the perception of chronic pain. The hippocampal formation is vulnerable to damage from seizures, ischemia, and head trauma and is particularly sensitive to the effects of adrenal glucocorticoids secreted during the diurnal rhythm and chronic stress. Adrenal steroids typically have adaptive effects in the short run, but promote pathophysiology when there is either repeated stress or dysregulation of the HPA axis. The damaging actions of glucocorticoids under such conditions have been termed "allostatic load", referring to the cost to the body of adaptation to adverse conditions. Adrenal steroids display both protective and damaging effects in the hippocampus. They biphasically modulate excitability of hippocampal neurons, and high glucocorticoid levels and severe acute stress impair declarative memory in a reversible manner. The hippocampus also displays structural plasticity, involving ongoing neurogenesis of the dentate gyrus, synaptogenesis under control of estrogens in the CA1 region, and dendritic remodeling caused by repeated stress or elevated levels of exogenous glucocorticoids in the CA3 region. In all three forms of structural plasticity, excitatory amino acids participate along with circulating steroid hormones. Glucocorticoids and stressors suppress neurogenesis in the dentate gyrus. They also potentiate the damage produced by ischemia and seizures. Moreover, the aging rat hippocampus displays elevated and prolonged levels of excitatory amino acids released during acute stress. Our working hypothesis is that structural plasticity in response to repeated stress starts out as an adaptive and protective response, but ends up as damage if the imbalance in the regulation of the key mediators is not resolved. It is likely that morphological rearrangements in the hippocampus brought on by various types of allostatic load alter the manner in which the hippocampus participates in memory functions and it is conceivable that these may also have a role in chronic pain perception.